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Abstract 
Accurate 3D kinematic analysis after total knee arthroplasty (TKA) is very important for 
understanding the complexity of knee joint mechanics after surgery and for evaluating the 
outcome of surgical procedures. To achieve 3D kinematic analysis of TKA, 2D/3D registration 
techniques, which use X-ray fluoroscopic images and computer aided design model of the knee 
implants, have been applied to clinical cases. However, in previous study, spurious edges and 
noises from the edge detection of the implant silhouette were erased manually, and initial pose 
setting for each X-ray image also needed intensive manual operations. It has been a serious 
problem for clinical application. This study propose an automated 3D kinematic analysis 
method of tibial component using statistical motion model, which is created from previous 3D 
pose estimated data of TKA. In order to validate the proposed method, in vivo experiments were 
performed. The results showed that the estimation accuracy and stability was sufficient for 
clinical application (the RMS error: 1 mm, 1 degree, and automation rate: about 80 %), and the 
feasibility and effectiveness of the proposed method was demonstrated. 
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 これまでに人工膝関節の正確な 3 次元動
態計測・解析を実現するために，X線透視画
像と設計図である人工膝関節 CAD（computer 



























































Fig. 1 Computer aided design model of 
artificial knee implants. 
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)()|()|( XPXDPDXP ⋅∝  (2) 
ただし，Xは求めるモデルの 6パラメータ(Tx, 
Ty, Tz, Rx, Ry, Rz)，D は投影輪郭点であ
Fig. 3 Statistical knee motion model of tibial 
component relative to femoral component. 
Fig. 2 2D/3D registration scheme based on 
projected contour points. 
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Fig. 4 Typical X-ray fluoroscopic image used 
experiments. 
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Fig. 6 Norm and angle error of 3D pose 
estimation for tibial component. 
Fig. 5 Typical contour image from X-ray 
fluoroscopic image. 
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Fig. 8 Prior distribution of tibial component 
relative to femoral component (top view). 
Fig. 7 Prior distribution of tibial component 
relative to femoral component (side view). 
